Objective: To identify alcohol-related factors that influence mortality rates from suicide.
R ecent investigations 1, 2 of suicide in Manitoba have pointed to the role of alcohol in this preventable health problem. Wilkie et al 1 investigated a cluster of 6 suicides in a small Manitoba community of 1500 people from February 3 to May 5, 1995 . Of the 6, 4 had been drinking. On a larger scale, Malchy et al 2 examined suicide rates among Manitoba's Aboriginal and non-Aboriginal populations, and observed that alcohol involvement in suicide was common in both. Among suicide victims tested for alcohol, 28.3% of non-Aboriginal people and 65.4% of Aboriginal people had blood-alcohol levels over the legal limit for driving (17mmol/L).
These results are consistent with a large body of research that demonstrates important relations among alcohol use, depression, and suicide. In an analysis of Canadian data, Currie et al 3 found that both alcohol dependence and major depressive disorder independently predicted suicidal thoughts. Death rates from suicide, and rates of suicide attempts, have been shown to be substantially elevated in samples of heavy drinkers and individuals with alcohol-related problems. 4 Examinations of aggregate or population rates of suicide mortality show a similar relation with aggregate or per capita alcohol consumption; that is, as alcohol consumption increases, suicide mortality rates increase as well. [5] [6] [7] [8] This observation is consistent with a large body of evidence on the link between population alcohol consumption levels and mortality rates from a large number of causes. [9] [10] [11] [12] The effect of alcohol consumption on suicide mortality rates may also be related to gender. Mann et al 6 examined suicide mortality rates in Ontario during 1968 to 1991. Investigators found that total and female, but not male, suicide mortality rates were significantly related to per capita consumption of beer, wine, and spirits. Other researchers have also found stronger links between alcohol consumption and female suicide mortality rates. 8 A range of interventions for preventing suicidal behaviour have been proposed. 13 In a review of psychosocial interventions to prevent parasuicide, Rhodes and Links 14 observed that while treatment follow-through for these interventions was low there was no conclusive evidence to support the effectiveness of these measures. The data did indicate that some groups, and in particular the female population, may benefit from these interventions. More recent reviews underscore the importance of the detection and evidence-based treatment of mental illness and suicidal behaviour. 15, 16 As suicidal behaviours are linked to alcohol use at both the individual and the population level, successful intervention for alcohol problems may reduce suicide risk. The possibility that population rates of alcohol problems have been influenced by treatment for alcohol misuse and related activities such as AA membership has been suggested. [17] [18] [19] [20] Several trials have presented evidence indicating that treatment for alcohol problems can reduce mortality rates, [21] [22] [23] although none of these studies have reported an impact on suicide mortality rates specifically. At the aggregate level, evidence was presented indicating increased AA membership and alcoholism treatment rates may have reduced cirrhosis mortality rates in Ontario, the United States, and Sweden. [17] [18] [19] [24] [25] [26] Recently, Mann et al 6 used time series analyses to assess the effects of per capita alcohol consumption and AA membership rates on mortality rates from suicide in Ontario during 1968 to 1991. As per capita consumption increased, suicide mortality increased, and as AA membership increased, suicide mortality decreased.
In the present study, we use time series methodology to assess the association of total alcohol consumption, as well as the consumption of spirits, wine, and beer, with suicide mortality rates in Manitoba during 1976 to 1997. Based on previous research, we expect that suicide mortality rates will be associated with alcohol consumption levels. We also assess the impact of AA membership rates, to test the prediction that these rates will be negatively related to suicide mortality rates.
Method

Data Sources
Data on per capita total alcohol consumption, and on the consumption of spirits, wine, and beer separately, in Manitoba were derived from beverage sales data as collected by Statistics Canada 27 and were expressed as litres of absolute alcohol for the population aged 15 years and older.
Age-standardized suicide mortality rates for the group aged 15 years and older, male and female, using the 1991 Canadian population were kindly provided by Statistics Canada. Unemployment rates for Manitoba (calculated as the proportion of the labour force aged 15 to 64 years) also came from Statistics Canada sources. 28 We included unemployment rates in these analyses to control for general economic stress. Previous research has indicated that as economic stress increases, measured by unemployment rate and related measures, the suicide rate increases as well, particularly among males. 6 The Alcoholics Anonymous General Service Board Central Office in New York kindly provided data on AA membership in Manitoba. The central office surveyed AA groups about every 3 years during the period we examined. Their figures are estimates based on those AA groups of members choosing to be on mailing lists. While the data may be subject to inaccuracies (for example, because some groups chose not to be on mailing lists or failed to respond to the survey) we have no evidence to indicate any systematic or year-to-year bias. The AA membership rate per 100 000 adults was calculated by dividing the number of AA members by the adult population (aged 20 years or older-there are very few AA members under this age) and multiplying by 100 000.
Handling Missing Data
Because AA groups are surveyed only every 3 years, the rate of AA membership series (referred to here as the AA series) has one existing data point for every 2 data points that are missing, which gives a total of 14/22 data points missing. Specifically, AA survey data for Manitoba exists for the years 1977, 1980, 1983, 1986, 1989, 1992, 1995, and 1997 . In this situation, when there are many missing observations and a few known ones, Ferreiro 29 suggests the use of nonparametric strategies (not based on ARIMA models or error distributions) to estimate the missing observations. Therefore, the data points missing between existing data points in the AA series were interpolated by cubic spline, a nonparametric method identified by Ferreiro 29 for dealing with a time series that has many missing values. Our use of this method has been previously described. 6, 25, 30 The general cubic spline equation is:
In this equation, i varies from 0 to n-1; x i to x i+1 are existing values in the series, and n is the number of existing points.
We find the values for a i , b i , c i , and d i for each of the i intervals based on the method explained in detail by Gerald and Wheatley. 31 Solving the values for a i , b i , c i , and d i will result in cubic spline functions between existing values. These functions will be used to estimate all the missing values occurring between 2 existing ones.
Statistical Analysis
Data from 1976 to 1997 were analyzed for the models in Table 1 , using suicide mortality rates as the dependent measure. The main independent measures were the rate of AA membership, alcohol consumption (total consumption and consumption of spirits, beer, and wine), and unemployment rates. Aggregate data were used to assess changes in alcoholrelated problems. Aggregate data allow an opportunity to appraise the alcohol-related problems within a population, rather than in a subset of individuals.
Time series ARIMA procedures were used to estimate the effects of the per capita consumption measures, unemployment rate, and rate of AA membership per 100 000 people to predict suicide mortality rates, for male, female, and the total population, in the period from 1976 to 1997 as shown in Table  1 . In the Box-Jenkins approach, when we removed the common trend of the variables by differencing them, we minimized the risk of showing spurious relations between them. When differencing the variables, we compared yearly changes instead of raw data. Moreover, the error term structure included noise parameters and other explanatory variables not considered in the model that were estimated in terms of ARIMA parameters. 32 Plots of all the series were used to check for spurious observations, for the need for variance stabilizing operations, or for the use of stationary operations (for example, differencing).
The approach proposed by Liu and Hanssens 33 was used to construct transfer functions. A noise model was developed for each series after several iterations of the identificationestimation-diagnosis process. The final model for each series was natural logarithm transformed to reduce heteroscedasticity, and the series was differenced to achieve stationarity. A dummy variable for the change in ICD in 1979 was tested during the estimation process. It was found to be significant for all analyses involving male suicide mortality rates. The final models met the criteria for ARIMA model adequacy: the estimated noise parameters were statistically significant and below unity, the Box-Ljung Q-tests were satisfactory regarding residual correlation, and the Jarque-Bera tests (not shown here) were satisfactory regarding the normality of the residuals. All model parameters were estimated with Eviews 5. 34
The empirical model for suicide mortality rates is:
In this model, B is the backshift operator such that B(z t ) equals Z t-1, and N t is the noise term in which a temporal structure estimated in terms of autoregressive and (or) moving average is included. LnSuic t denotes the natural logarithm of male, female, and total population suicide mortality rates. Alc t refers to per capita alcohol consumption, which is represented by total alcohol, beer, spirits, and wine. AA t refers to rate of AA membership. Unempl t refers to yearly unemployment rates and D79 t denotes the dummy variable for the changes in the ICD version of 1979.
We interpreted the results by converting suicide mortality coefficients from their semilogarithmic form into estimated attributable fractions, thus providing the percentage increase or decrease in suicide mortality rate linked to each explanatory measure. The estimated attributable fraction corresponding to the effects of explanatory measures can be calculated using a formula derived by Norström 32 : ([e b -1] × 100). Table 1 presents the estimated effects of alcohol consumption (spirits, beer, wine, and total alcohol), the rate of AA membership, and unemployment rate on the prediction of female, male, and total age-adjusted suicide mortality rates between 1976 and 1997. We tested 4 models. Models A, B, C, and D show the alcohol, unemployment, and AA membership For women, we observed a significant and positive effect of total alcohol consumption, and of consumption of beer, wine, and spirits, on suicide mortality. The total alcohol effect was estimated at 0.11, meaning a 1-litre increase in total alcohol consumption was associated with an increase of 12% in female suicides. The beverage-specific effect ranged from 0.17 to 0.77. We observed that the AA membership rate was significantly and negatively related to suicide mortality rates for all models. The AA effect ranged from -0.01 to -0.03, meaning an increase of one AA member per 100 000 was associated with the decrease of 0.01 to 0.03 female suicides per 100 000. The unemployment effect was not statistically significant for any of the models of beverage-specific and total alcohol consumption and therefore not retained in the female models.
For men, we found that per capita consumption of spirits and wine were significantly and positively associated with suicide mortality rates. The parameter estimates for spirits and wine consumption were 0.23 and 0.63, respectively. The spirits consumption effect of 0.23 means a 1-litre increase in spirits consumption was associated with an increase of 26% in male suicides. The effects of AA membership rates were not statistically significant at the 0.05 level. The effects of unemployment rates were significant in the analyses for all beverages, although for beer and total consumption the effects were significant at the 0.10 level. The parameter estimate for unemployment rates ranged from 0.03 to 0.06, meaning an increase of one unemployed individual per 100 000 was associated with an increase of 0.03 to 0.06 male suicides per 100 000.
Finally, considering the total population, we observed a significant and positive effect of spirits and wine consumption on suicide mortality rates. The parameter estimates for spirits and wine consumption were 0.16 and 0.52, respectively. In the spirits model (Model A), the parameter effect of 0.16 for alcohol consumption indicates a 1-litre increase in spirits consumption was associated with an increase of 17% in total suicides. The effects of AA membership rates were all statistically significant and ranged from -0.04 to -0.05, meaning an increase of one AA member per 100 000 was associated with a decrease of 0.04 to 0.05 total suicides per 100 000. The effect of unemployment rates was also significant for all analyses. The effects of unemployment ranged from 0.05 to 0.06. This would mean that an increase of one unemployed individual per 100 000 was associated with an increase of 0.05 to 0.06 total suicides per 100 000.
Discussion
Several limitations need to be kept in mind when interpreting the results reported here. First, the data are aggregate-level trends in suicide and potential contributing factors, and therefore may be subject to ecologic bias. Thus efforts to infer individual-level factors that might be influencing these trends must be done with caution. 35 Second, the length of the series available for these analyses was restricted by the availability of the AA membership and unemployment data, and it is possible that any relations observed could be restricted to the period studied. Third, additional AA membership data that could be helpful in interpreting results, for example, membership by sex, are not available. Nevertheless, these results are of substantial interest.
While the prevention of suicide is a priority for psychiatry and public health, the identification of effective prevention approaches has proven elusive. 13, 14 However, research has identified several factors that act to increase or decrease the likelihood of suicide in individuals and populations. The role of alcohol in suicide, at both the individual and the population levels, has been clearly noted by many studies in Canada [1] [2] [3] 6 and internationally. 7, 36, 37 In a recent review of the effects of policy measures for suicide prevention in 100 countries, Burgess et al 38 found that only the introduction of substancemisuse policies consistently and significantly reduced suicide mortality rates. The results of this study provide additional support for the strong role that alcohol, and alcohol programs and policies, can play a role in suicide mortality rates and in efforts to prevent suicide.
Our results showed that per capita consumption of alcohol is significantly related to suicide mortality rates in Manitoba. These observations replicate other observations from Canada 6,39,40 and internationally. 7, 8, 41 Norstrom 7 identifies 2 routes by which alcohol can influence suicide: acute intoxication could act as a trigger for suicide, and heavier drinking, as reflected in increased consumption, could result in increased social and mental problems associated with alcohol abuse and dependence, which in turn could increase suicide rates. The extent to which these or other pathways could account for the present observations cannot be determined from the present data.
These results for Manitoba are very similar to those recently reported for Ontario 6 and Canada. 39 These and other recent studies 36, 40 also suggest a stronger relation between suicide mortality rates and alcohol consumption for women than for men. Ramstedt 8 also observed that in Middle European countries the relation between suicide and alcohol consumption was stronger for women. He suggested that alcohol misuse among women might be more subject to stigmatization and social disintegration, accounting for the sex differences observed here and in other studies. A stronger relation for women between alcohol consumption and major depression, 42 and between alcohol use disorders and mood disorders, including depression 43, 44 has also been reported. Since depression and suicidality are also linked, this might offer another explanation for the tendency observed here for alcohol use to be more strongly related to suicidality among women than among men.
These results also provide support for efforts to use alcohol policies as a means to control alcohol-related problem rates, including suicide. Aggregate alcohol consumption levels appear to be most strongly determined by availability measures such as price, number of outlets, and legal availability measures such as drinking age, 9, 10, 12, 45 and as noted here and elsewhere, alcohol consumption levels are consistently observed to be major determinants of alcohol problem rates including cirrhosis, homicide, and suicide mortality. 6, 9, 12, 25, 30 The data supports the proposal that policies to control alcohol availability should be seen as important tools in the control of suicide mortality rates.
The unemployment rate also showed a significant association with suicide rates in the analyses of total and male suicide mortality rates, but not in the analysis of female suicide mortality rates. The impact of the unemployment rate on suicide mortality is consistent with previous research on suicide mortality rates in Ontario 6 and the United States. 41 Economic difficulties, including unemployment, create stress that can lead to various negative health consequences. 46, 47 Unemployment can influence suicide risk through its creation of stress, and it may also increase drinking, which in turn could increase suicide risk. 6 For most of the comparisons in this study, increasing AA membership rates was associated with decreasing suicide mortality rates for the total population, and among the female and male population. Similar relations have been observed for cirrhosis, suicide, and homicide mortality rates in Ontario, 6, 25, 30 and for cirrhosis mortality rates in the United States and Sweden. 17, 19, 24, 26 The evidence from individuallevel studies that AA and alcohol treatment can exert important beneficial effects is substantial. These effects include reductions in alcohol use and abstinence, reductions in alcohol-related problems, improvements in social functioning and health, and reduced mortality from alcohol-related causes. 23, [48] [49] [50] Thus these aggregate level observations are in agreement with the evidence on the positive effects of AA membership and alcohol treatment on individuals. However, it is also possible that the impact of AA membership observed here could be reflecting other factors, such as cohort effects or a general health consciousness in the population, rather than specific beneficial effects, 6, 30, 51 and further research to rule out alternative explanations for these observations is needed.
It is interesting to note that negative associations of AA membership rates with suicide mortality rates were stronger for women than for men, similar to previous observations for Ontario. 6 Rhodes and Links 14 have commented in their review of the effects of suicide intervention programs that these programs appeared to have stronger effects for women than for men. These findings may be attributed in part to a greater tendency in women to seek help earlier for mental health problems before they become severe. [52] [53] [54] As noted above, the link between alcohol and suicide may be stronger among women than men, and this effect could be increased by a larger effect on female suicide risk of therapeutic measures, including AA and alcohol treatment. 55 recently reported that suicidal individuals are less likely to contact mental health service providers, including general practice physicians and psychiatrists, than individuals who were depressed or who were both depressed and suicidal. Our results suggest that a substantial number of individuals at risk for suicide might be seen in the formal and informal addictions treatment system, and among the benefits they might obtain include reductions in suicide risk. The possibility that the impact of these systems on individuals at risk for suicide could be strengthened, and potentially reach more men, perhaps through greater coordination with other suicide prevention efforts, should be explored.
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